Background: Cardiovascular incidents are a common cause of death around the world. Acute myocardial infarction (AMI) poses high risks for the patient due to plaque rupture or erosion along with a superimposed non-occlusive thrombus; therefore, timely treatment with antithrombotic agents plays a key role in reducing an AMI mortality rate. Objectives: The present study aimed to assess the time interval between the admission of AMI-suspected patients and treatment initiation.
Background
In the United States, approximately 6 -7 million people, suspected of coronary artery diseases, are admitted to emergency departments (EDs) of hospitals each year. Around 20% -25% of these patients are diagnosed with coronary artery diseases and should receive the required treatments.
Acute myocardial infarction (AMI) is the most common reason for many hospitalizations in developed countries. Annually, 650 thousand patients present with AMI in the United States, and 450 thousand people experience disease recurrence (1, 2) .
Heart attack or AMI is also a leading cause of mortality in Iran. About 24% of Iranian people die due to AMI. These patients are mostly within the age range of 15 -49 years, while 10.5 -32% of the population are over 50 years of age (3) . Nearly 30% of deaths among patients with AMI occur during early stages (first 30 days) of AMI development.
One of the most effective treatments for this disease is administration of a thrombolytic agent for reducing mortality rate in AMI patients (1) . Administration of thrombolytic therapy within a short time period after the onset of clinical symptoms of AMI can be advantageous. The main objective of the therapy is the reduction of infarcted region following the reduced time to reperfusion (2) .
Clinical studies have shown that mortality rate has decreased from 50% to 40% in patients who are treated within the first hours after AMI development. Delay in thrombolytic therapy is associated with a higher risk of death in patients (4) . Generally, delay in the initiation of treatment is placed under two categories: 1) delay in hospital admission, which may occur for various reasons, e.g. long distance between the patient's place of residence and hospital, attributing cardiac pain (heart attack) to noncardiac causes, and living alone and 2) delays at hospitals.
Time interval between a patient's admission to ED and the initiation of thrombolytic therapy in AMI patients is of high significance; this is commonly referred to as door-to-needle (DTN) time (5); in fact, DTN time must not take longer than 30 minutes (6) (7) (8) .
Door-to-needle time is divided into three intervals: 1) the first 10 minutes when the electrocardiogram (ECG) is carried out in the ED; 2) the second 10 minutes for a quick clinical evaluation and confirmation of AMI diagnosis, followed by the evaluation of contraindications to intravenous thrombolysis; and 3) the last 10 minutes when streptokinase is prepared for infusion and the required injections are made (4) .
The study of Irwani et al. concluded that the median DTN time was significantly shorter in patients who were thrombolyzed in the ED by emergency physicians (EPs), compared to those who were thrombolyzed in coronary care unit (CCU) by cardiologists (29 minutes vs. 60 minutes, P < 0.001) (9). Schull et al. showed that ED crowding is associated with increased DTN time for patients with suspected AMI, and can act as a barrier to improving cardiac care in the ED (10) .
In another study, Zed et al. showed that the DTN time for patients without prior cardiology consult (prescriptions by EPs) was significantly shorter than those with cardiology consult before administration (mean 41 minutes vs. 108 minutes; P < 0.001) (11) .
In one study, the researchers concluded that the DTN time was three times longer than the international standard; this is due to a number of reasons such as personnel-related factors, environmental conditions, and physical status of the patients (12).
Objectives
Given that every medical center may have certain shortcomings, the present study aimed to assess the time interval between hospital admission and initiation of intravenous thrombolytic therapy for patients admitted to the ED of our hospital.
Patients and Methods

Patients
The subjects of this cross-sectional study were AMI patients, undergoing streptokinase treatment, who referred to the Imam Hussein hospital in Tehran, Iran, in 2010. We evaluated the records of 110 patients in the current study. Data were obtained using a number of questionnaires, which were completed by patients' next of kin or the emergency staff (11) . Considering the ratio of patients treated within the ideal time (less than 30 minutes), the sampling variables were considered as d = 0.08 and P = 0.25, according to the study by Zed et al. (11) .
The inclusion criteria were as follows: 1) 30 -75 years of age; 2) AMI patients with indications for thrombolytic therapy; and 3) patient's consent (or the consent of a relative aware of the patient's medical condition).
The exclusion criteria were as follows: 1) lack of patient's consent; 2) past myocardial infarction; 3) lack of indications for thrombolytic therapy or contraindications to the treatment; 4) streptokinase administration within the last 6 months; 5) warfarin therapy; 6) active peptic ulcer diseases; 7) bleeding disorders or uncontrolled hypertension; 8) moderate to severe valvular heart disease; 9) previous cardiac surgery; and 10) a cerebrovascular accident within the past 6 weeks.
Statistical Analysis
Data were analyzed using descriptive statistics with SPSS software version 15.0 (SPSS, Inc. Chicago, Illinois, USA). Descriptive statistics included mean, standard deviation and frequency distribution tables. In this study, quantitative data analysis was presented by mean and standard deviation and in order to analyze the qualitative data, the rates and ratios were closely measured.
Furthermore, the relationship between qualitative variables was reviewed by chi-square test and the association between quantitative variables was analyzed using a correlation test. Also, we used t-test and analysis of variance to obtain analytical statistics.
Ethical Considerations
Informed consents were obtained from the patients, and the subjects were ensured about the confidentiality of the data. The study was approved by the ethics committee of research at the Tehran university of medical sciences.
Results
Overall, 110 patients, including 31 (28.2%) females and 79 (71.8%) males, were enrolled in this study. The mean age of the subjects was 59.75 ± 8.61 years (range 36 -85 years), and 64 patients (58.2%) were smokers, 32 patients (29.1%) had type 2 diabetes mellitus, 67 subjects (60.9%) had hypercholesterolemia, 57 patients (51.8) presented with hypertension, and 52 participants (47.3%) suffered from coronary artery diseases; only 7 patients (6.4%) had no cardiac risk factors.
In terms of admission time to ED, 28 (25.5%), 19 (17.2%), and 63 (57.3%) patients were admitted during morning, afternoon, and night shifts, respectively. Among 63 patients, who were referred to the hospital during night shifts, 26 (41.3%) cases were admitted at 8 -12 PM, and 37 (58.7%) patients were admitted from 12 PM to 7 AM. Also, 81 patients (73.4%) were transferred to the hospital by an ambulance, and 29 patients (26.4%) were transferred by vehicles (of their own or a taxi).
Our results indicated that the mean DTN time was 66.39 ± 29.17 (range of 20 -185 minutes). Among patients under evaluation, the mean time interval between the onset of chest pain and admission to ED was 136.16 minutes (range of 35 -747 minutes).
The mean time interval between ED admission and ECG performance was 17.64 minutes, with a range of 4 -50 minutes. The mean time interval between ECG performance and thrombolytic therapy prescription was 18.91 minutes, with a range of 0 -110 minutes. Finally, the mean time interval between the prescription of thrombolytic therapy and injection was 29.95 minutes, with a range of 5 to 140 minutes.
According to the results, the correlation coefficient between age and DTN time was 0.3 (P = 0.001). In addition, the correlation coefficient between age and time interval between the onset of chest pain and ED admission was 0.269 (P = 0.005).
The correlation coefficient between age and time interval between ED admission and ECG was 0.85 (P = 0.381) ( Figure  1) . Also, the correlation coefficient between age and the interval between ECG and thrombolytic therapy prescription was 0.317 (P = 0.001) (Figure 2 ). The correlation coefficient between age and interval between thrombolytic therapy prescription and injection was 0.136 (P = 0.158). (Figures 3 and 4) The findings indicated no relationship between gender and the mentioned time intervals (P > 0.5). Our findings revealed that the mean DTN time in patients who were admitted during night shifts, was 23 minutes longer (mean) than the DTN time in patients who were admitted during morning shifts (P = 0.002). In addition, our results showed that the mean DTN time was 78.88 ± 26.91 min at the beginning of night shifts (8 -12 PM) and 68.32 ± 35.12 minutes at the end of night shifts (12 PM to 7 AM) (P = 0.202).
Also, we assessed the mean DTN time in terms of means of transfer. The mean DTN time in patients, who were transferred to the hospital by an ambulance, was 4 min longer than those who were transferred by private vehicles (P = 0.532).
Our findings indicated that the correlation between DTN time and the time interval between the onset of chest pain and admission was 0.149 (P = 0.122). Moreover, the relation between DTN time and interval between ED admission and ECG performance was significant (P < 0.001, r = 684). Likewise, the association between DTN time and interval between ECG and thrombolytic therapy prescription was noticeable (P = 0.001, r = 0.560). Also, the time interval between therapy prescription and injection was significant (P = 0.001, r = 0.560). 
Discussion
Many institutions have established strict strategies to decrease the DTN time for fibrinolytic administration. It has been demonstrated that a diligent team, who follow clear protocols, can effectively reduce the DTN time in one hospital (13) (14) (15) . In our study, the mean DTN time for all patients was estimated to be 66.39 minutes, which is nearly twice as long as the standard time. In a study performed in Israel, this duration was around 54 minutes (16) . Also, in a study performed in Vancouver, Canada, the mean time of DTN was estimated about 43 minutes (11) . At the national university of Singapore hospital, DTN time was reported to be 60 minutes for patients who were administered streptokinase at the CCU (9); also, this time was reported to be 64 minutes in a study in Glasgow (17) .
In a similar research, performed in Urmia, Iran, the mean DTN time for patients, who had received streptokinase in CCU, was 89.25 minutes (12) . However, DTN time in a cohort study by Kelly et al. was approximately 46.5 minutes (18) . In this regard, O'Rourke et al. suggested that the availability of ECG equipment in ED might significantly reduce the DTN time. Subsequently, such equipment are now easily accessible and have proven to be effective in many centers (5) .
The comparison between the current study and previous research indicated a noticeable prolongation of DTN time in the present study. Also, the results of several studies indicate that one of the most important strategies for reducing DTN time is performing intravenous thrombolytic therapy in the EDs rather than CCUs; fortunately, this strategy has been implemented at our center.
Another considered factor in our study was the DTN time in female patients, which was longer than that of male patients; this is consistent with the report of the royal hospital in the United Kingdom, where the mean DTN time was 90 minutes for women (60 to 143.5) and 78 minutes (50 to 131 minutes) for men (19) . It should be also noted that the study in Urmia, Iran, showed that DTN took longer for women than men (109.2 vs. 86.5 minutes) (11) . This difference could be due to the misconception that acute coronary syndrome is less prevalent in women compared to men; therefore, women are highly neglected in terms of symptoms.
Another factor investigated in this study was the difference in DTN time during various work shifts. In this study, DTN time in morning shift was significantly different from that of afternoon and night shifts. The patients, who were admitted during morning hours, had drastically shorter DTN time compared to those who were admitted during afternoon or night shifts. Conversely, in the study in Vancouver, Canada, the DTN time during night shifts appeared to be significantly shorter than those of morning and evening work shifts (11) . However, in one study, no significant difference was observed among different work shifts (12) . We found out that ED crowding is associated with increased DTN time for patients, and this correlation was of statistical importance. This finding was, to some extent, aligned with the finding of a study in Toronto, Canada, in which the mean DTN times were 40, 45, and 47 minutes in conditions of none, moderate, and high ED crowding, respectively (10) . In our analyses, we noted that the heavy workload of ED personnel is associated with an increased DTN time, which proves to be a barrier to improving cardiac care at EDs for patients with suspected AMI.
In the current study, another challenging issue was the role of EPs in the administration of intravenous thrombolysis. The findings of Zed et al. suggested that cardiology consult leads to prolonged DTN time. This time prolongation could be attributable to the delay inherent in waiting for a consultation before fibrinolytic prescription and subsequent administration. Thus, the DTN time was significantly shorter when the fibrinolytic agent was prescribed by an EP (without prior cardiology consult), compared to the time when cardiology consult was requested before administration (35 vs. 90 minutes) (11) .
The mean DTN time in the report of Irwani was significantly shorter in patients who were thrombolyzed in ED by an emergency physician, compared to those who were thrombolyzed in CCU by cardiologists (29 vs. 60 minutes, P < 0.001) (9) . A number of studies in Australia and UK reported similar results in terms of DTN time (20, 21) .
Patient evaluation by cardiologists at ED leads to longer DTN times. The main reasons for cardiology consult were lack of confidence in ECG diagnosis, probable contraindications to thrombolytic therapy, and unstable hemodynamic patients. However, intravenous thrombolytic therapy by EPs is of great significance and reflects their medical skills. We presume that by placing more confidence in thrombolytic therapy, we might no longer need cardiology consult. This possibility may be associated with improved care of patients with AMI. Considering the provided information in the current study and the importance of reducing DTN time for AMI mortality reduction, the following recommendations seem practical: 1) streptokinase administration in the ED instead of CCU; 2) accelerating the admission process of AMI-suspected patients; 3) sufficient training and awareness of emergency staff to better understand the importance of time in treatment; and 4) prescription of intravenous thrombolytic therapy by EPs at EDs.
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